Private Finance Initiative (PFI) projects aim to develop public facilities using private funds. Installment interest payments must be predominant in PFI project costs. The proportion of installment interest depends upon the business period, payment method, interest rate, and other factors. However, prediction of the installment interest is not simple. Cost simulation based on various assumptions has been required for planning PFI finance project. A simplified estimation formula for installment interest rate based on cost evaluations using wide range of comparable conditions is proposed in this paper. The applicability of the proposed formula is also discussed and verified. The proportion of installment interest of a PFI project can be estimated to sufficient accuracy using the proposed formula.
Introduction
Private Finance Initiative (PFI) project finance generally includes installment interest payment during the business period in addition to design, construction, operation and maintenance (O&M) costs. Prediction of the impact of installment interest rate cost employs simulations based on various assumptions, such as payment frequencies and so on. While several research papers discussing PFI projects have been published, few researches have focused on the effect of installment interest to the project finance.
Darinka and Matthias [1] reported risks faced by financial services providers in the United Kingdom and resolutions of risks based on the fact that most funds in PFI projects are borrowed from financial institutions. Darinka and Matthias [2] detailed the PFI funding process and financial capital using two case studies of recent PFI projects. Hellowell and Pollock [3] investigated the annual expenditure of existing PFI plans in Scotland, and presented the future cost prices arising from an increase in PFI. Kirk and Wall [4] investigated the accounting issue related to PFI projects on balance sheet, and they addressed substantial risk may be transferred to private sector. Hellowell and Vecchi [5] researched returns on investment and evaluated the operation of corporate financing methods for financial models used in 10 PFI projects of the National Health Service (NHS). Coulson [6] investigated constraints on business cost, tax, profitability, and financial investment institutions in PFI projects. Huntingdon and Fitzpatrick [7] verified that tax payers can benefit in the long term if service levels are held to predetermined standards. Figure 1 shows the proportion of method of installment interest payment and payment frequency in 110 PFI project cases planned in Japan. According to the results, equal principal and interest payment with four payments/ year are most common. Previous researches focused on the installment interest are scarce, though financial and risk management aspects of PFI projects are reported. To estimate the impact of installment interest rate, these factors should be considered. To estimate interest payments, cost simulations considering various conditions such as business period, payment method, interest payment method, and payment frequency are needed. It is not easy to estimate installment interest rate under various conditions via trial cost calculations, even in use of a computer. The variable detailed cost simulations mostly need additional planning cost. The leading planner of PFI project sometimes needs to estimate loans from the financial institution, including the interest payments, at site. A simplified prediction method by a calculator must be useful in such case. Additionally, the simplified method may contribute to the outline design of financial planning. The present study aims to propose a simplified practical formula predicting installment interest rate, which does not need cost simulations as before. The prediction formula is established considering wide range of design conditions, such as payment frequencies and so on. In addition, the applicability of the proposed formula is discussed by referring to actual PFI projects.
Proposal of a Prediction Formula

Method of Calculating Installment Interest Rate
Facilities cost, including installment interest, is provisionally calculated as "equivalent facilities cost" in this paper. Installment interest rate (installment interest/facilities cost) in different business periods is evaluated quantitatively. Also, the study examined relations between payment frequency and installment interest rate for each interest payment method. Uemura [8] presents formulae for estimating the equivalent facilities cost in equal installment repayment method (EIRM) and annuity repayment method (ARM).
[Equal installment repayment method: EIRM]
[Annuity repayment method: ARM]
where y: equivalent facilities cost, s: facilities cost, x: business period (installment payment years), x 1 : number of annual installment payments, and r: installment interest rate.
The installment interest cost can be obtained by subtracting facilities cost (s) from the equivalent facilities cost (y). Herein, the proportion of installment interest (E) is given by the following formula.
To examine impacts of installment interest rate, the provisional calculations with a wide range of payment frequency, business period, and interest rate are performed. The employed payment frequencies are 1/5, 1/2, 1/1, 2/1, 4/1, 6/1, 12/1 (number of payments/year), and business periods are 5 -100 years. Also, the interest rates in the simulations are 1.0%, 3.0%, 6.0%, and 10.0%.
Trend of Installment Interest Rate in a Wide
Range of Design Conditions
Figures 2 and 3 demonstrate the proportions installment interest in three kinds of payment frequencies, such as 1/5, 1/1, and 12/1 (times/year). It should be noted that the provisional calculations are based on an assumption of a facilities cost of 20 billion Yen. Irrespective of the payment frequency, empirical relations of the proportion of installment interest rate (E) and the project years (x) can be expressed using a two dimension formula (Equation (4)). Similar relationships are also confirmed for other cases as well.
where E: proportion of installment interest rate, x: PFI project years (business period), and a, b: coefficients. Table 1 gives regression coefficients a, b in case of the (a) E 10 = 2.2226E-04x 2 + 6.9056E-02x R² = 9.9920E-01 E 6 = 1.4706E-04x 2 + 3.5987E-02x R² = 9.9970E-01 E 3 = 5.5886E-05x 2 + 1.6104E-02x R² = 9.9997E-01 E 1 = 6.5099E-06x 2 E 10 = 2.3199E-04x 2 + 6.8214E-02x R² = 9.9893E-01 E 6 = 1.5589E-04x 2 + 3.5171E-02x R² = 9.9953E-01 E 3 = 6.0745E-05x 2 + 1.5589E-02x R² = 9.9996E-01 E 1 = 7.9952E-06x 2 payment frequency of 1/1 (number of payments/year). It should be noted that all coefficients were obtained from regression line, such as Figures 2 and 3. All coefficients a for annuity repayment method (ARM) are negative, while the coefficients a for the equal installment repayment method (EIRM) are positive.
Proposal of a Simplified Prediction Formula
Figures 4 and 5 present relations between installment interest rate (r) and the coefficients (a, b in Equation (4)), E 10 = -7.924E-05x 2 + 5.975E-02x R² = 9.973E-01 E 6 = -4.754E-05x 2 + 3.585E-02x R² = 9.973E-01 E 3 = -2.377E-05x 2 + 1.792E-02x R² = 9.973E-01 E 10 = -1.5848E-05x 2 + 5.1949E-02x R² = 9.9989E-01 E 6 = -9.5087E-06x 2 + 3.1170E-02x R² = 9.9989E-01 E 3 = -4.7544E-06x 2 + 1.5585E-02x R² = 9.9989E-01 E 1 = -1.5848E-06x 2 E 10 = -1.3207E-06x 2 + 5.0162E-02x R² = 1.0000E+00 E 6 = -7.9239E-07x 2 + 3.0097E-02x R² = 1.0000E+00 E 3 = -3.9620E-07x 2 + 1.5049E-02x R² = 1.0000E+00 E 1 = -1.3207E-07x 2 respectively. The relations are almost linear, so the coefficients can be estimated using linear relations. It should be noted that the installment interest rates (r) are shown in the x-axis by employing percentage. When calculating the coefficients, a decimal rate should be used. Table 2 gives slopes of linear relation between interest rate and coefficients. A prediction formula for the proportion of installment interest rate (E) is proposed herein. where k a , k b are coefficients given in Table 2 .
Applicability of the Proposed Formula
The applicability of the proposed formula (Equation (5)) is verified. Six PFI projects in Japan are used for the verification. The PFI projects were public apartments (Case 1, 4, 5, 6), an elementary school (Case 2), and a public supply center for school meals (Case 3). Table 3 gives fundamental information for the projects, such as business periods, payment methods and installment interest rates. Table 3 also presents the actual/predicted proportion installment interest rates of each project. By employing the proposed formula, the proportions were estimated with an accuracy of 1.03 -1.19. The accuracy of the proposed simple method may be appropriate for financial outline design of PFI projects. The results imply that the proposed formula can be recommended as a simple estimation, and that it can contribute to planning and designing of PFI finance.
Summary and Conclusions
As installment interest payments may prove the dominant factor in overall PFI project costs, the present study aimed to examine their impact in overall cost. A simplified formula estimating the proportion of installment interest payment was proposed using cost simulations. The conclusions of the study are as follows:  Based on the provisional calculations conducted under a wide range of design conditions, proportion of installment interest payment (E) can be expressed with a two-dimensional formula of business period (x) irrespective of the payment frequency.  The proposed formula has appropriate estimation accuracy for installment interest rate for both the annuity repayment method and the equal installment repayment method. To confirm the practical use, applicability of the formula should be discussed using more PFI finance projects in the future research.
